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Description 

[0001] The present invention relates to the preparation of chimaeric antibodies. The invention is typically applicable 
to the production of humanised antibodies. 

s [0002] Antibodies typically'compnse two heavy chains linked together by disulphide bonds and two light chains. Each 
light chain is linked to a respective heavy chain by disulphide bonds. Each heavy chain has at one end a variable 
domain followed by a number of constant domains. Each light chain has a variable domain at one end and a constant 
domain at its other end. The light chain variable domain is aligned with the variable domain of the heavy chain. The light 
chain constant domain is aligned with the first constant domain of the heavy chain. The constant domains in the light 

w and heavy chains are not involved directly in binding the antibody to antigen. 

[0003] The variable domains of each pair of light and heavy chains form the antigen binding site. The domains on the 
light and heavy chains have the same general structure and each domain comprises a framework of four regions, 
whose sequences are relatively conserved, connected by three complementariiy determining regions (CDRs). The four 
framework regions largely adopt a beta-sheet conformation and the CDRs form loops connecting, and in some cases 

is forming part of, the beta-sheet structure. The CDRs are held in close proximity by the framework regions and, with the 
CDRs from the other domain, contrfoute to the formation of the antigen binding site. CDRs and framework regions of 
antibodies may be determined by reference to Kabat gj al ("Sequences of proteins of immunological interest" US Dept. 
of Health and Human Services, US Government Printing Office, 1987). 

[0004] The preparation of an altered antibody in which the CDRs are derived from a different species to the variable 

20 domain framework regions is disclosed in EP-A-0239400. The CDRs may be derived from a rat or mouse monoclonal 
antibody. The framework of the variable domains, and the constant domains, of the altered antibody may be derived 
from a human antibody. Such a humanised antibody elicits a negligible immune response when administered to a 
human compared to the immune response mounted by a human against a rat or mouse antibody. Humanised CAM- 
PATH-I antibody is disclosed in EP-A-0328404. 

25 [0005] The technique of "overlap extension" involves the use of oligonucleotide primers complementary to a template 
nucleotide sequence and the polymerase chain reaction (PCR) to generate DNA fragments having overlapping ends. 
These fragments are combined in a "fusion" reaction in which the overlapping ends anneal allowing the 3' overlap of 
each strand to serve as a primer for the 3' extension of the complementary strand. Ho el al (Gene. ZL 51-59 (1989)) 
describe the use of this technique to introduce specific alterations in a nucleotide sequence by incorporating nucleotide 

so changes into the overlapping dtgo primers. Using this technique of site-directed mutagenesis, those variants of the 
mouse major histocompatibility complex class-l gene were generated cloned and analysed. 
[000$] Horton fij al (Gene. ZZ 61 -68 (1999)) describe a technique of gene splicinqjw overlap extension (SOE). The 
technique allows the production of a hybrid length of DNA, AD, by splicing two pieces of DNA, AB and CD, which are 
produced by a PCR using primers A, B, C and D At least part of the primers B and C are "complementary to each other. 

35 The fragments AB and CD produced by PCR are mixed to allow the positive strand of AB to anneal to the negative 
strand of CD. The overlap between B and C allows the two strands to prime extension of each other. Primers A and D 
are used to prime a PCR reaction of the extended strands. 

[0007] The above technique was used to splice a portion (CD) of the mouse H-2\& gene between upstream and 
downstream regions (AB and EF respectively) of the corresponding upstream and downstream parts of the H-2L d gene. 
40 All three fragments, AB, CD and EF were produced by PCR, using primers A to F. The three fragments were joined by 
two rounds of SOE, the first one producing a fragment AD (ie. AB-CD) and the second producing the product AF (id. 
AB-CD-EF). 

[0008] According to the present invention, a method has now been devised of producing a chimaeric antfocdy in which 
the CDR of a first antibody is spliced between the framework regions of a second antfcody. 

45 [0009] In general, the technique of the present invention is performed using a template comprising two framework 
regions. AB and CD. and between them, the CDR which is to be replaced by a donor CDR. Primers A and B are used 
to amplify the framework region AB, and primers C and D used to amplify the framework region CD. However, the prim- 
ers B and C also contain, at their 5' ends, additional sequence corresponding to all or at least part of the donor CDR 
sequence. Primers B and C overlap by a length sufficient to permit annealing of their 5' ends to each other under con- 

60 ditions which allow a polymerase chain reaction (PCR) to be performed and thereby incorporate all of the donor CDR 
sequence. The amplified regions AB and CD may undergo SOE to produce the chimaeric product in a single reaction. 
[00101 According to one aspect the present invention provides a method for producing a double- or single-stranded 
DNA of formula 

65 5'F1-M-F2 3' 

encoding an antibody chain or fragment thereof in which at least one of the complementarity determinirig regions 
(CDRs) of the variable region of the antibody chain is derived from a first mammalian antibody, and the framework of 
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the variable region is derived from a second, different mammalian antibody, wherein M comprises DNA encoding a 
CDR of the first antibody and F1 and F2 encode sequences flanking M, which method comprises; 

(i) preparing a single- or double-stranded DNA template of the formula 

5 

5'f1-H-f2 3' 

wherein H comprises DNA encoding a CDR of a different specificity from M and f 1 and f2 are substantially homol- 
ogous to F1 and F2 respectively (i.e. f 1 and f2 may have minor changes compared to F1 and F2 respectively) 

10 

(ii) obtaining DNA oligonucleotide primers A, B. C and D wherein 

A 

is - comprises a sequence a 1 which has a 5* end corresponcfing to the 5 1 end of F1 and which is identical to a 

corresponding length (i.e. a sequence of the same number of nucleotides and with the identical or comple- 
mentary sequence) of the sequence F1, 

is oriented in a 5' to 3' direction towards H; 

20 

B consists of the sequence 
S'b 1 ^' 
25 wherein 

b 1 comprises a sequence complementary to a corresponding length of M and has a 3' end which is com- 
plementary to the 5' end of M, and 

b 2 is complementary to a sequence of corresponding length in F1 and has a 5* end which starts at the 
30 nucleotide complementary to the 3* end of F1 ; 

C consists of the sequence 

5' cV3' 

35 

wherein 

- c 1 comprises a sequence identical to the corresponding length of M and has a 3' end which corresponds 
to the 3* end of M, and 

40 c 2 is identical to a sequence of corresponding length in F2 and has a 5* end which starts at the nucleotide 

corresponcfing to the 5' end of F2; 

D 

45 - comprises a sequence d 1 which has a 5' end complementary to the 3' end of F2 and which is complemen- 

tary to a corresponding length of F2, and 
is oriented in a 5' to 3' direction towards H; 

and wherein b 1 and c 1 overlap by a length sufficient to permit annealing of their 5' ends to each other under 
so conditions which allow a PCR to be performed; 

(Hi) performing, in any desired order, PCR reactions with primer pairs A.B and C,D on the template prepared In (i) 
above; and 

65 (iv) mixing the products obtained in (iii) above and performing a PCR reaction using primers A and D. 
[001 1 ] The oligonucleotides may be of any convenient size. 

[001 2] Preferably F1 and F2 each encode at least one human antibody framework region and optionally further CDRs. 
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Preferably H encodes a CDR of said human antibody. Preferably M encodes a non-human CDR region, most preferably 
a murine or rodent CDR. 

[001 3] Primers A and D will usually be at least 1 2. for example at least 1 5 nucleotides, and more usually from 20 to 
30 nucleotides in length. If desired primers A and D may contain at least one restriction ertdonudease recognition site 
5 within nucleotides of their Spends. Primers B and C will usually be at least 20, for example at least 30 nucleotides in 
length. More usually, these primers will be over 40, for example 45 to 60 nucleotides long. It is generally possible to syn- 
thesise oligonucleotides of up to 200 nucleotides in length. Generally primers A, B, C and D will thus each be from 15 
to 200 nucleotides in length. 

[0014] The length of overlap between b 1 and c 1 may depend on a number of factors, including the total length of B 
w and C and the particular base composition of the region of the overlap. However, the overlap will usually be at least 1 2, 
for example at least 15, nucleotides. According to one embodiment the sequences b 1 and c 1 within the primers B and 
C are the same number of nucleotides in length. In a preferred embodiment of the invention b 1 and c 1 are both the 
length of M and thus the overlap is also this length. 

[001 5] Usually, the distance between the 3' end of primer A and the 5' end of H will be at least 1 5 nucleotides. More 
is usually, the distance will be the length of f 1 minus the length of A itself. Similarly, the distance between the 3* end of D 
and the region H will also be at least 15 nucleotides, and more usually the length of f2 minus the length of D itself. 
According to one embodiment the sequences a 1 , b 2 , c 2 and d 1 of primers A, B, C and D respectively are each from 1 5 
to 30 nucleotides in length. 

[0016] It will be appreciated that the entire sequence of M and the S and 3' regions of F1 and F2 will be determined 
20 by the sequence of the primers A, B, C and D. 

[001 7] It is therefore considered inappropriate in this situation to refer to "homology" between these primers and any 
parts of the sequence F1 , M or F2. Instead, the term "corresponding length" as used herein means a sequence of the 
same number of nucleotides and with the identical (or complementary) sequence. 

[001 8] With reference to step (i) above, the sequences f 1 and f2 will be substantially homologous to F1 and F2 respec- 
25 tively in that the primers A to D may be used to introduce minor changes to f 1 and f2 in the regions of these primer 
sequences. 

[001 9] The regions F1 and F2 comprise DNA encoding at least part of the framework regions either side of the CDR 
M. F1 and F2 may also encode regions flanking these sequences, for example into and beyond DNA encoding further 
CDRs. 

30 [0020] According to another aspect, the present invention provides an oligonucleotide 30 to 11 0 nucleotides in length 
which consists of the sequence: 

5* oV3' 

35 wherein o 1 comprises at least 1 5 nucleotides of a sequence of a CDR region of non-human origin and o 2 comprises at 
least 15 nucleotides of a framework region of human origin. This oligonucleotide is suitable for use as a primer in the 
process described above. 

[0021] According to a still further aspect, the present invention provides a method for producing a double- or angle- 
stranded DNA of formula 

40 

5' F1-M1-F2-M2-F3-M3-F4 3' 

encoring an antibody chain or fragment thereof in which the three complementarity determining regions (CDRs) of the 
variable region of the antibody chain are derived from a first mammalian antibody, and the four framework regions of 
45 the variable domain are derived from a second, different mammalian antibody, wherein M1 , M2 and M3 comprise DNA 
encoding CDRs of the first antibody and F1 , F2, F3 and F4 comprise framework sequences flanking the CDRs M1 , M2 
and M3, which method comprises; 

(i) preparing a single- or double-stranded DNA template of the formula 

50 

5'f1-H1-f2-H2-f3-H3-f4 3' 

wherein HI, H2 and H3 comprises DNA encoding CDRs of a different specificity from M1, M2 and MS, and ffl, f2, 
f3 and ff4 are substantially homologous to F1. F2, F3 and F4 respectively (i.e. f1 and f2 may have minor changes 
55 compared to F1 and F2 respectively) 

00 obtaining DNA oligonucleotid primers A, B, C, D, E, F, Q and H wherein 
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comprises a sequence a 1 which has a 5' end corresponding to the S end of F1 and which is identical to a 
corresponding length (i.e. a sequence of the same number of nucleotides and with the Identical or comple- 
mentary sequence) of the sequence F1 , 
is oriented in a 5* to 3* direction towards H1 ; 

B consists of the sequence 

5'b 1 -b?3' 

wherein 

b 1 comprises a sequence complementary to a corresponding length of M1 and has a 3* end which is com- 
plementary to the 5' end of M1 , and 

b2 is complementary to a sequence of corresponding length in F1 and has a 5* end which starts at the 
nucleotide complementary to the 3' end of F1 ; 

C consists of the sequence 

S'c 1 -^' 

wherein 

• c 1 comprises a sequence identical to the corresponding length of M1 and has a 3' end which corresponds 
to the 3' end of M1 f and 

- c 2 is identical to a sequence of corresponding length in F2 and has a 5* end which starts at the nucleotide 
corresponding to the 5' end F2; 

D consists of the sequence 

5'd 1 <j2 3' 

wherein 

- d 1 comprises a sequence complementary to a corresponding length of M2 and has a 3' end which is com- 
plementary to the 5' end of M2, and 

- d 2 is complementary to a sequence of corresponding length in F2 and has a 5' end which starts at the 
nucleotide complementary to the 3' end of F2; 

E consists of the sequence 

S'e^e 2 3' 

wherein 

e 1 comprises a sequence identical to the corresponding length of M2 and has a 3* end which corresponds 
to the 3' end of M2, and 

e 2 is identical to a sequence of corresponding length in F3 and has a 5' end which starts at the nucleotide 
correspcrcSng to the S end F3; 

F consists of the sequence 
wherein 

- f 1 comprises a sequence complementary to a corresponding length of M3 and has a 3* end which is com- 
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plementary to the 5 ' end of M3, and 

• f 2 is complementary to a sequence of corresponding length in F3 and has a 5' end which starts at the 
nucleotide complementary to the 3' end of F3; 

G consists of the sequence 

5'gV3' 

wherein 

• g 1 comprises a sequence identical to the corresponding length of M3 and has a 3' end which corresponds 
to the 3' end of M3 t and 

g 2 is identical to a sequence of corresponding length in F4 and has a 5' end which starts at the nucleotide 
corresponding to the 5' end F4; 

H 

- comprises a sequence h 1 which has a 5* end complementary to the 3* end of F4 and which is complemen- 
tary to a corresponding length of F4, and 

- is oriented in a 5' to 3' direction towards H3; 

and wherein the pairs b 1 and c 1 , d 1 and e 1 , and f 1 and g 1 overlap by a length sufficient to permit annealing of 
their 5' ends to each other under conditions which allow a PGR to be performed; 

(Hi) performing, in any desired order, PCR reactions with primer pairs A,B; C,D; E,F and G.H on the template pre- 
pared in (i) above to obtain DNA fragments AB, CD, EF and GH; and 

(iv) splicing the fragments obtained in (iii) above to obtain the desired DNA. 

[0022] According to one embodiment, F4 comprises the framework sequence flanking the CDR M3 and DNA encod- 
ing all or part of the constant region of the antibody chain. 

Step (iv) may be performed by: 

(iva) mixing fragments AB and CD with primers A and D and performing a PCR to obtain a DNA fragment AD; 
(ivb) mixing, before, during or following step (iva) above, fragments EF and GH with primers E and H and per- 
forming a PCR to obtain a DNA fragment EH; and 

(ivc) mixing fragments AD and EH with primers A and H to obtain the desired DNA. 
Alternatively step (iv) may be performed by: 

(iva) mixing fragments CD and EF with primers C and F and performing a PCR to obtain a DNA fragment CF; 
and EITHER: 

(ivt>1) mixing fragments AB and CF with primers A and F and performing a PCR to obtain a DNA fragment AF; 
and 

(ivc-1) mixing fragments AF and GH with prime's A and H to obtain the desired DNA; OR: 

(ivb-2) mixing fragments CF and GH with primers C and H and performing a PCR to obtain a DNA fragment 

CH;and 

(ivc-2) mixing fragments AB and CH with primers A and H to obtain the desired DNA. 

Pftfffirfctifin fff the rinwirwa 

[0323] 

Figure 1 illustrates a process according to the present invention. The dark box indicates DNA sequence from a 
rnurin CDR region which is inserted between framework regions of the CAMPATH antibody, replacing the original 
CDR (unshaded box). A, B, C and D indicate the PCR primers used, with hatf-arrows indicating their 5* to 3' orien- 
tation. 
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Figure 2 shows in detail th key sequences involved in th process illustrated in Figure 1 . 

Figure 3 is a schematic illustration of how the process of the invention may be used to replace all three CDR regions 
of an antibody. 

5 

Figure 4 illustrates in further detail one configuration of primers which may be used in the present invention. 

[0024] Possible variations in the F1 and F2 DNA regions are apparent by contrasting the embodiments of the inven- 
tion illustrated in Figures 1 and 3. 

10 [0025] In Figure 1 , a process according to the invention is illustrated showing the replacement of a single CDR DNA. 
The region F2 in Figure 1 is between primers "C" and "D", starting at the 5* end of c 2 as defined above to the comple- 
ment of the 5' end of "D". This region encodes a total of 3 framework regions, 2 CDRs and the whole heavy chain con- 
stant region incorporating a stop codon within primer D. In contrast the DNA of FT, 5* to the CDR being replaced, 
contains a single framework and no CDRs. 

15 [0026] In Figure 3, the DNA between primers N C and "D" encodes a single framework region. This is because the 
process illustrated shows the replacement of all 3 CDRs of DNA encoding the variable region of an antibody. With this 
arrangement, it should be noted that primer N D M comprises not only the sequence of d 1 but also adcfitional 5' sequence 
encoding part of a second CDR region. 

[0027] When the DNA encoding all 3 CDRs of an antibody chain is to be replaced, the arrangement of Figure 3 may 
20 be used. 

[0028] Thus, a first set of 4 primers, "A", "B", "C" and "D" (as defined above for A, B, C and D) are used to replace ail 
of a first CDR (CDR1) and at least part of a second CDR, (CDR2). A second set of primers, "E", "P, "Q" and "H" 
(defined as for A, B, C and D respectively) are used to replace a third CDR (CDR3) and at least part of CDR2. In order 
to ensure the replacement of CDR2, primers "D" and "E" must overlap by a length sufficient to permit annealing of their 

25 s ends to each other under conditions which allow a PCR to be performed. In essence, replacement of CDR2 is accom- 
plished by a set of four primers, "C", "D", "E" and "P, defined as for A, B, C and D respectively. 
[0029] In the embodiment of the invention illustrated by Figure 3, fragments AB and CD are annealed to provide frag- 
ment AD, and fragments EF and QH are spliced to provide fragment EH. Finally AD is spliced with EH to provide frag- 
ment AH, encoding a variable region in which all 3 CDRs are replaced. 

so [0030] Other arrangements by which all 3 CDR DNAs may be replaced in a DNA encoding a variable region using 
primers "A" to "H" as illustrated in Figure 3 include performing reactions with primer pairs "A" + "B", "C" + "D", "P + 'P 
and "Q" + "H" as illustrated in Figure 3(1), splicing fragments CD and EF together to produce a fragment CF, and splic- 
ing this fragment with either first fragment AB and then GH, or vice versa. 

[0031] Alternatively, the DNA encoding the 3 CDRs may be replaced sequentially. A first reaction using primers "A", 
35 "B", "C" and "H w (as shown in Figure 3 and defined as for primers A to D) may be used to replace CDR1 , in accordance 
with the present invention. A second set of reactions, using primers "A", "E", "D" and "IT (as shown in Figure 3 and 
defined as for primers A to D) replaces CDR2. A final set of reactions, using primers "A", "F, "Q" and "IT replaces 
CDR3. 

[0032] The primers A and D may also, at their 5* ends contain additional sequences which represent for example, 

40 restriction endonudease recognition sequences not represented in f 1 or f2. 

[0033] Trie sequences of A and D 5* to a 1 and d 1 will be ignored when considering the degree of homology between 
f 1 and F1 , and f2 and FZ Similarly, if F1 and/or F2 are shorter than f 1 and/or f2 respectively, the atftfitionai sequences 
of f for which F1/F2 have no counterpart will also be ignored when measuring the degree of homology. 
[0034] All the primers may contain a number, for example 1 to 10. such as 2 to 5 nucleotide mismatches between the 

45 fl/K sequences and the corresponding or complementary primer sequences. These mismatches may be used to 
design desired coding changes in the sequences of F1 and F2 when compared with f 1 and f2. 
[0035] The process of the invention may be used to produce a chimaeric antibody or fragment thereof in which any 
one of the CDR regions are replaced, ft may also be used to replace any two, or all three CDR regions of an antibody 
variable region. 

so [0033] The process of the invention may be used to replace the DNA encoding one or more CDRs of a complete anti- 
body light or heavy chains. Fragments of DNA encoding at least one CDR region may be used. For example, it is pos- 
sible to produce antibody fragments such as Fab, F(ab)2 or Fv fragments, in which the DNA encoding one or both of the 
light or heavy chains has been subjected to the process of the invention. 

[0037] DNA encoding framework regions and CDRs of antibodies wilt often be present in a vector, for example an 
66 expression vector. In some cases, It will be necessary or desirable that one or both of the primers A and D (or at least 
their regions a 1 and d 1 ) correspond to vector sequences, rather than sequences of one of the framework regions flank- 
ing the CDR being replaced. 

[0038] The DNA produced according to the inv ntion may be cloned into any suitable replication or expression vector 
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and introduced into a bacterial, yeast insect or mammalian cell to produce chimae ric antibody Examples of suitabi 
systems for expression are descrfoed below. 

[0039] The antibody chain may be co-expressed with a complementary antfcody chain. At least the framework of the 
variable region and the or each constant region of the complementary chain generally are derived from the said second 
5 spedes also. A light chain and a heavy chain may be co-expressed. Either or both-chains may hav been prepared by 
the process of the invention. Preferably the CDRs of both chains are derived from the same selected antibody. An anti- 
body comprising both expressed chains can be recovered. 

[0040] The antfcody preferably has the structure of a natural antibody or a fragment thereof. The antibody may there- 
fore comprise a complete antfcody, a (Fab') 2 fragment a Fab fragment a light chain dimer or a heavy chain. The airti- 
10 body may be an IgG, such as an lgG1, lgG2, lgG3 or lgG4 IgM, IgA, IgE or IgO. Alternatively, the antfcody may be a 
chimaeric antfcody of the type described in WO 86/01 533. 

[0041 ] A chimaeric antfcody according to Wo 86/01 533 comprises an antigen binding region and a rton-immunoglob- 
ulin region. The antigen binding region is an antibody light chain variable region or heavy chain variable region. Typi- 
cally, the chimaeric antibody comprises both light and heavy chain variable regions. The non-immunoglobulin region is 
75 fused at its C-terminus to the antigen binding region. The non-immunoglobulin region is typically a non-imrnunogJobulin 
protein and may be an enzyme region, a region derived from a protein having known binding specificity, from a protein 
toxin or indeed from any protein expressed by a gene. The two regions of the chimaeric antfcody may be connected via 
a cleavable linker sequence. 

[0042] The invention is preferably employed to humanise an antibody, typically a monoclonal antibody and, for exam- 
20 pie, a rat or mouse antibody. The framework and constant regions of the resulting antfcody are therefore human frame- 
work and constant regions whilst the CDRs of the light and/or heavy chain of the antibody are rat or mouse CDRs. 
Preferably all CDRs are rat or mouse CDRs. The antibody produced in accordance with the present invention may be 
a human IgG 6uch as lgG1, lgG2 f lgG3, lgG4; IgM; IgA; IgE or igD carrying rat or mouse CDRs. 
[0043] The process of the invention is carried out in such a way that the resulting chimaeric antibody retains the anti- 
25 gen binding capability of the non-human antfcody from which the CDR region(s) is/are derived. 

[0044] The starting antibody is typically an antfcody of a selected specificity. In order to ensure that this specificity is 
retained, the variable region framework of the antibody is preferably the closest variable region framework of an anti- 
body of another species. By "about the closest" is meant about the most homologous in terms of amino acid sequences. 
Preferably there is a homology of at least 50% between the two variable regions. 
30 [0045] There are four general steps to produce a humanised antibody by the method according to the invention. 
These are: 

(1) determining the nucleotide and predicted amino acid sequence of the starting antfcody light and heavy chain 
variable regions; 

35 (2) designing the chimaeric antibody, i.e. deciding which antibody framework region to use during the process; 

(3) identifying the oligonucleotides A, B f C, and D and use of these primers in a series of PCR reactions to produce 
DNA encoding the humanised antfcody; and 

(4) the transfection of a suitable host ceil line with the DNA and expression of the humanised antibody. 

40 [0046] These four steps are explained below in the context of humanising an antfcody. However, they may equally well 
be applied when reshaping to an antfcody of a non-human species. 

Step 1 : Determining the nucleotide and predicted amino acid sequence of the antibody light and heavy chain variable 
legists 

45 

[0047] To make a chimaeric antfcody only the amino acid sequence of antibody's heavy and light chain variable 
regions needs to be known. The sequence of the constant regions is irrelevant because these do not contribute to the 
humanising strategy. The simplest method of determining the variable region amino acid sequence of an antfcody is 
from doned cDNA encoding the heavy and fight chain variable region. 
so [0048] There are two general methods for ctontng heavy and light chain variable region cDNAs of a given antfcody; 
(1) via a conventional cDNA Ifcrary, or (2) via PCR. Both of these methods are widely known. Given the nucleotide 
sequence of the cDNAs, it is a simple matter to translate this information into the predicted amino acid sequence of the 
antibody variable regions. 

55 Step 2 : Designing: the chimaeric antibody 

[0049] There are several factors to consider in deciding which human antibody sequence to use during the humani- 
sation. The humanisation of light and heavy chains are considered independently of on another, but the reasoning is 
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basically simitar for each. 

[0050] This selection process is based on the following rationale: A given anttood/s antigen specfficrty and affinity is 
primarily determined by the amino acid sequ nee of the variable region CDRs. Variable region framework residues 
have little or no direct contribution. The primary function of the framework regions is to hold the CDRs in their proper 
5 special orientation to recognize antigen. Thus the substitution of rodent CDRs into a human variable region framework 
is most likely to result in retention of their correct special orientation if the human variable region is highly homologous 
to the rodent variable region from which they originated. A human variable region should preferably be chosen therefore 
that is highly homologous to the rodent variable region(s). 

[0051] A suitable human antibody variable region sequence can be selected as follows: 

10 

1 . Using a computer program, search all available protein (and DNA) databases for those human antfcody variable 
region sequences that are most homologous to the rodent antfoody variable regions. The output of a suitable pro- 
gram is a list of sequences most homologous to the rodent antfcody, the percent homology to each sequence, and 
an alignment of each sequence to the rodent sequence. This is done independently for both the heavy and light 

is chain variable region sequences. The above analyses are more easily accomplished if only human immunoglobulin 
sequences are included. 

2. List the human antfcody variable region sequences and compare for homology. Primarily the comparison is per- 
formed on length of CDRs, except CDR3 of the heavy chain which is quite variable. Human heavy chains and 

20 Kappa and Lambda light chains are divided into subgroups; Heavy chain 3 subgroups, Kappa chain 4 subgroups, 
Lambda chain 6 subgroups. The CDR sizes within each subgroup are similar but vary between subgroups. It is usu- 
ally possible to match a rodent Ab CDR to one of the human subgroups as a first approximation of homology. Anti- 
bodies bearing CDRs of similar length are then compared for amino acid sequence homology, especially within the 
CDRs, but also in the surrounding framework regions. The human variable region which contains the most rtomol- 

25 ogous CDRs is chosen as the framework for humantsation. 

Step 3: Identification and use of the oligonucleotides A. B. C and Q 

[0052] The general principles for designing primers for PCR are well known, eg. as descrfoed by R.K. Satki ("The 
so Design and Optimisation of the PCR" in "PCR Technology", Ed HA Erlich, Stockton Press, (1989)). In adrftion, specific 
factors can be considered for each CDR replacement Where necessary, or desired, the 5" ends of A and/or D may 
encode part or all of a second and/or third CDR. The primers, A and D, may also include at their 5* ends restriction 
enzyme sites. These sites can be designed according to the vector which will be used to clone the humanised antibody 
from the final PC R reaction. The primers B and C must be long enough to overlap by at least a length sufficient to permit 
35 annealing of their 5' ends to each other under conditions which allow a PCR to be performed. This will usually require 
an overlap of at least 12, and preferably at least 15 nucleotides. One or more of the four primers may differ from their 
template sequences by one or more nucleotides. These differences may be used to introduce desired coding changes 
into the framework regions of the antfcody. 

[0053] The primers are then used in a series of PCR reactions using the appropriate template to generate the DNA 
40 encoding the humanised antibody. PCR reactions may be carried out as described by Saiki g£ @L Srienca 233, 487- 
491 (1988). At each stage the desired product of the PCR reaction may be purified as necessary; for example using 
selective fitration and if necessary the identity of the product can be established, tor example by gel electrophoresis. 

Step 4: Transfection and expression of the reshaped antibody 

45 

[0054] Following the reactions to produce the DNA encoding the chimaeric antibody, the DMAs are tinted to the 
appropriate DNA encoding light or heavy chain constant region, cloned into an expression vector, and transfected into 
a suitable host cefl line, preferably a mammalian eel! line. These steps can be carried out in routine fashion. A chimaeric 
antibody may therefore be prepared by a process comprising: 

50 

a) preparing a first repitcabJe expression vector including a suitable promoter operaWy linked to a DNA sequence 
which encodes at least a variable region of an Ig heavy or light chain, the variable region comprising framework 
regions from a first antfcody and CDRs from a second antibody of different specificity; 

b) if necessary; preparing a second repticable expression vector including a suitable promoter openly linksd to a 
55 DNA sequence which encodes at least the variable region of a complementary Ig light or heavy chain respectively; 

c) transforming a cell line with the first or both prepared vectors; and 

d) cutturing said transformed cell line to produce said altered antibody. 
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[0055] Preferably the DMA sequence in step a) encodes both the variable region and the or each constant region off 
the antibody chain. The antfcody can be recovered and purified. The cell line which is transformed to produce the 
altered antibody may be a Chinese Hamster ovary (CHO) celt line or an immortalised mammalian cell line, which is 
advantageously of lymphoid origin, such as a myeloma, hybridoma, trioma or quadroma cell line. The cell line may also 

5 comprise a normal lymphoid cell, such as a B-cell, which has been immortalised by transformation with a virus, such 
as the Epstein-Barr virus. Most preferably, the immortalised cell line is a myeloma cell tine or a derivative thereof. 
[0055] Although the cell line used to produce the chimaeric antibody is preferably a mammalian cell fine, any other 
suitable cell line, such as a bacterial cell line or a yeast cell line, may alternatively be used. In particular, it is envisaged 
that coji - derived bacterial strains could be used. 

10 [0057] It is known that some immortalised lymphoid cell lines, such as myeloma cell lines, in their normal state secrete 
isolated tg light or heavy chains. If such a cell line is transformed with the vector prepared in step (a) it will not be nec- 
essary to carry out step (b) of the process, provided that the normally secreted chain is c»mplementary to the variable 
region of the Ig chain encoded by the vector prepared in step (a). 

[0053] However, where the immortalised cell line does not secrete or does not secrete a complementary chain, it will 
is be necessary to carry out step (b). This step may be carried out by further manipulating the vector produced in step (a) 
so that this vector encodes not only the variable region of a chimaeric antibody light or heavy chain, but also the com- 
plementary variable region. 

[0059] Alternatively, step (b) is carried out by preparing a second vector which is used to transform the immortalised 
cell line. This alternative leads to easier construct preparation, but may not be as preferred as the first alternative in that 

20 production of antibody may be less efficient 

[0030] In the case where the immortalised cell line secretes a complementary light or heavy chain, the transformed 
cell line may be produced for example by transforming a suitable bacterial cell with the vector and then fusing the bac- 
terial cell with the immortalised cell line by spheroplast fusion. Alt ©-natively, the DNA may be directly introduced into the 
immortalised cell line by electroporation or other suitable method. 

25 [0051] An antibody is consequently produced in which CDRs of a variable region of an antibody chain are homolo- 
gous with the corresponding CDRs of an antibody of a first mammalian species and in which the framework of the var- 
iable region and the constant regions of the antibody are homologous with the corresponding framework and constant 
regions of an antibody of a second, different, mammalian species. Typically, alt three CDRs of the variable region of a 
light or heavy chain are derived from the first species. 

30 [0032] The antibody may be an IgG, such as lgG1 , IgG2, lgG3 or lgG4 IgM, IgA, IgE or IgD. Alternatively, the antibody 
may be a chimaeric antibody of the type descr£>ed in WO 86/01 523. 

[0033] The recombinant PCR technique of the present invention should allow the generation of fully humanised MAb 
DNA sequences in only two days using three rounds of PCR reactions (Fig. 3). Site-cfirected mutagenesis (Jones fit el.. 
Nature. 321. 522-525 (1986); Riechmann el at. Nature. 332. 323-327 (1988)) and oligonucleotide gene synthesis 

35 (Queen gt at, Pros . Natl. Acad . Set. U.S.A.. 86, 1 0029-1 0033 (1 989)) have previously been used for the humanisation 
of antibodies. The above method has benefits over these techniques in that smaller oligonucleotides are required in the 
procedure, even to transfer large CDRs such as the 19 amino acid CDRH2 present in a number of human IgG subgroup 
III heavy chains (deary £g|L 44, 97-106 (1986)). For example, as illustrated in Figure 4, where the primary PCR 
products are designed to overlap in the middle of the CDR by 15 bp, the transfer of a 57 bp CDR onto the appropriate 

40 FR requires oligonucleotides of a maximum of 51 bp, assuming a homology of 15 bp corresponding to the FR target 
sequence (Higuchi, Using PCR to engineer DNA, in "PCR Technology" Ed. HA Erlich, Stockton Press (1989)). 
[0034] The technique of the invention is also advantageous over site-directed mutagenesis in that all operations can 
be performed upon ds DNA without the need for subcloning between ds and ss vectors, thus decreasing the time and 
effort required to generate the humanised product 

45 [003?] The invention is illustrated by the following example. 

EXAMPLE 1 

(a) Recomfijlrairoa PCR grafting off CDRH1 onto a human background 

50 

[0033] The objective was to graft a heavy chain CDR1 (CDRH1) from a rat anti-dtgoodn mAb (DX48) onto a human Ig 
backbone. The template used for the recombinant PCR was the previously humanised Q^PMHAkLJi^^ cfcain 
(Riechmann gt @L, Nature. 332. 323-327 (1 988)), a human (gGU heavy chain with NEW (Saul MfiL. A Sbm. 2§& 
585-597 (1978)) V region, which had been re-engineered from genomic into cDNA configuration, and had subsequent 
ss undergone site-directed mutagenesis to replace CAM PATH- 1 H CDRH2 and CDRH3 sequences with rat DX48 CDRH2 
and CDRH3 yielding HUMDXCH.23 ss template in M13 (SEQ ID NO: 1). 

[0037] PCR reactions (Saitd & fil- Science. 239. 487-491 (1 988)) were carried out using ss HUMDXCH.23 temp&to 
prepared by the method of Sambrook si gt, Molecular Cloning: A Laboratory Manual, 2nd Edn., CoSd Spring Hater 
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Laboratory (1989). The reactions were performed in a programmable heating block (Hybaid) using 25 rounds of tem- 
perature cycling (94°C for 1 min, 50°C for 2 min, and 72°C for 3 min) followed by a final 10 min step at 72°C. 1 uQ of 
each primer. 50 ng of templat and 2.5 Units of Jag polymerase (Perkin Elmer Cetus) w re used in a final volume of 
100 pi with the reaction buffer as recommended by the manufacturer. Synthetic oligonucleotides were made on a 7500 
5 DMA Synthesizer (Milligen). 

[0088] The approach used is summarised in Fig. 1 . Primers used: 

A : SEQ ID NO: 2: 
B : SEQ ID NO: 3: 
w C : SEQ ID NO: 4: 
D : SEQ ID NO: 5: 

Two PCR reactions were carried out using the primer pairs A and B, and C with D respectively. Primers A and D corre- 
spond to positive and negative strand oligonucleotides incorporating the Hind lll sites at the 5' and 3* termini of the HUM- 

75 DXCH.23 insert. Figure 2 shows the nucleotide sequence of three regions of the HUMDXCH.23 insert incorporating; 
the first 42 bp at the 5' end of the insert including the start codon of the CAM PATH- 1 H leader sequence; the 3' 27 bp of 
FRH1 , the whole length of CDRH1 and the 5' 27 bp of FRH2 from CAMPATH-1 H; and the final 27 bp at the 3' terminus 
of the insert including the stop codon at the end of CAMPATH-1 H constant region (CH3). The sequences are separated 
by 1 17 bp and 1206 bp respectively. Primer B possesses negative strand sequence from the 3' end of the CAMPATH- 

20 1 H FRH1 region (with point mutations to convert Phe 27 and Thr 30 of CAMPATH-1 H back to the Ser residues present 
in the NEW FRH1) together with CDRH1 sequence of DX48 in place of the CAMPATH-1 H CD RH1 (Rg. 2). Primer C is 
made up of the positive strand sequence of DX48 CDRHI, complementary to the CDRH1 region of primer B, running 
into the 5' end of the Campath-1H FRH2 (Fig. 2). In the first round of the AB and CD PCR reactions the HUMDXCH.23 
negative strand is synthestsed from primers B and D respectively (Rg. 1). In subsequent cycles fragments AB and CD 

25 (SEQ ID NO: 6 AND NO: 7 respectively) are amplified (Figs. 1 and 2). The products of the two reactions thus constitute 
the whole length of the HUMDXCH.23 insert but with the point mutations stated above and the Campath-1H CDRH1 
replaced by the CDRH1 sequence of DX48. Fragments AB and CD both possess the DX48 CDRH1 sequence such that 
on denaturation and reannealing the overlapping sequences can anneal. 

[0CS9] Excess primers were removed from the AB and CD PCR reactions by selective filtration on a Centricon 100 
so (Higuchi gt aL Nucl. Acids Res., lfi, 7351 -7367 (1988); Amicon). 50 uJ of each reaction was placed into 2 ml of TE 
(10mM Tris-HCI pH 8, 0.1 mM EDTA) and mixed in the upper reservoir of the Centricon 100. The manufacturer's proto- 
col was followed using a 25 min cerrtrifugatkxi in a fixed-angle rotor at 1000 x G, and the PCR products recovered in a 
40 ui retentste, 

[0070] 1 0 ul of the Centricon 1 00 retentate was subjected to a recombinant PCR reaction with primers A and D (Rg. 

35 1 ) using the same conditions as performed in the primary PCR reactions above. The positive strand of fragment AB and 
the negative strand of CD contain the complementary DX48 CDRH1 sequences at their 3' ends, and in the first PCR 
cycle can anneal and serve as primers for one another. Extension of the overlap produces the recombinant product 
fragment AD containing the transplanted DX48 CDRH1 , and this is amplified by primers A and D in the subsequent 
rounds of PCR (Figs. 1 and 2). The remaining strands of fragments AB and CD, which are complementary at their 5' 

40 ends, are not able to prime each other, but can act as templates for primers A and D. These generate more of the pri- 
mary PCR products, although these fragments are not amplified in an exponential manner due to the absence of prim- 
ers B and C in the reaction. 

[0071] Gel-purified PCR products were analysed on an agarose gel containing 0.8% Type II: Medium EEO Agarose 
(Sigma) in 89 mM Tris-bcrate/2 mM EDTA, and visualised by staining with ethrdium bromfda The expected sizes of the 
45 fragments were as follows: AB, 207 bp; CD, 1285 bp; AD, 1471 bp. The predominant band observed in each case was 
of the expected size, although additional minor bands also appeared in reaction AD. 

(b) Cloning and sequencing the recombinant PCR product 

so [0072] Fragment AD (SEQ ID NO: 8) was gel eluted, digested with tBnsilll (BRL) and cloned into the tMH site of 
pUC-18 (BRL). The nucleotide sequence of a clone containing the recombinant molecule was determined by plasrrcd 
priming following the dideoxy chain-termination method (Sanger g£ at, Emfi. Natl Afiflrt- M- USA, Z& 5463-5467 
(1977)) according to the Sequenase kit (USB) protocol. The entire 1463 nt insert was found to be of the correct 
sequence, no misincorporations having resulted from the two sets of PCR reactions. 

55 

EXAMPLE 2 

[0073] This objective was the humanisation of YFC51.1 .1 rat anti-human -CD 18 heavy and light chains. The DNA 
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sequence of the variable regions of both chains had been determined and is shown in 

SEQ ID NOS 9 and 10 - heavy chain and 
SEQ ID NOS 1 1 and 12 - light chain. 

[0074] Using the selection procedure described in Step (2) above, the human variable domain frameworks of the 
NEWM heavy chain and REI light chain (Kabat fit aL "Sequences of proteins of immunological interest", U.S. Dept. of 
Health and Human Services, U.S. Government Printing Office (1987)) were chosen for the humanisation process. 
[0075] The humanised heavy and light chains were constructed as follows. 

(i) Light Chain 

Light chain oligonucleotide primers: 
[0076] 



L : SEQ ID NO 


13: 


L : SEQ ID NO 


14: 


L : SEQ ID NO 


15: 


L : SEQ ID NO 


16: 


L : SEQ ID NO 


17: 


[_; SEQ ID NO 


18: 


L : SEQ ID NO 


19: 


,: SEQ ID NO 


20: 



[0077] PCR reactions were performed in a programmable heating block (Hybaid) using 20 rounds of temperature 
cycling (94°C for 1 min, 50°C for 2 min, and 72°C for 3 min) followed by a final 10 min step at 72°C. 1 ug of each primer, 
a specified amount of template, and 2.5 units of lag polymerase (PerWn Elmer Cetus) were used in a final volume of 
100 *J with the reaction buffer as recommended by the manufacturer. 

[0078] The initial template for the PCR was CAMPATH-1 H light chain (humanised CAMPATH-1 on RE framework; 
Page and Sydenham, Biotechnology & 64-68, (1991)). Four initial PCR reactions were carried out, with lOng of tem- 
plate per reaction, using the primer pairs Al with C L with D u , El with F L , and Gl with H L respectively. The products 
of these PCR reactions, fragments AB^ CD L , EF L and GH L respectively, were purified using Prep-A-Gene (Bio-Red) 
following the protocol recommended by the manufacturer. Fragments AB|_ with CD L , and EF L with QH L were combined 
using a quarter of each purified product, and subjected to recombinant PCR reactions with primers Al plus Dl, and El 
plus H L respectively. The products of these reactions, fragments AD L and EH L , were purified as above, and a quarter 
of each combined in a recombinant PCR reaction using primers Al and H L . The final humanised light chain recom- 
binant PCR product, AH L , was cloned into the HodM site of pUC-18 (BRL) following the method of Crowe A A (1991). 
utilising the Hind lll sites in primers Al and H L . Plasmid isolates were sequenced by the dtdeoxy chain termination 
method, and clones of the correct sequence chosen. 

(ii) Heavy Chain 

Heavy chain oligonucleotide primers: 
[0079] 

Ah: SEQ ID NO: 21: 
Bh: SEQ ID MO: 22: 
Ch: SEQ ID NO: 23: 
D H : SEQ ID NO: 24: 
E H : SEQ ID NO: 25: 
F H : SEQ ID NO: 26: 
Oh: SEQ ID NO: 27: 
H H : SEQ ID NO: 28: 

[0380] The initial template for the PCR was CAMPATH-1 H heavy chain. The rodent CDR's were grafted on to the tem- 
plate using the recombinant PCR method as described in section (i) but using oligonucleotide primers Ah to fy. Trie 
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final PCR, i.e. fragments AD H and EH H with primers Ah and H H . did not give a high yie!d of product so a fragment AF H 
was generated (from fragments AD H and EFh) and used with fragment EH H in a PCR with primers Ah and H H . Oligo- 
nucleotides Ah and H H were designed with fcWII and Eoo RI sites respectively to enable initial cloning of the human- 
ised variable region, and a &ej site was introduced into the NEWM framework 4 (FR4) region of oligonucleotide Gh to 
5 facilitate subsequent cloning of the variable region with a suitable constant region of choice. The Spel site was chosen 
so as not to alter the leucine residue at position 109 (numbering according to Kabat el sL MJ) of the humanised heavy 
chain template. Four out of the six human heavy J-minigenes possess a leucine at this position; Kabat & §1 Thus 
the use of the engineered Spe l site should be generally applicable. 

[0081 ] The humanised heavy chain variable region recombinant PCR product was cloned into Hind lH/EcoRI-cut pUC- 
10 18 (BRL), and plasmid isolates of the correct sequence were chosen. The FR4 and y1 constant regions of CAMPATH- 
1 H heavy chain were PCR cloned into pUC-1 8 (BRL) using oligonucleotide primers XH (SEQ ID NO: 29) and YH (SEQ 
ID NO: 30). Primer Xh contains Spe l and Hind lll sites, and Y H an EfifiRI site. The Hind lll and EcoRI sites were used to 
clone the PCR product into pUC-1 8, and plasmid isolates of the correct sequence were selected. The complete heavy 
chain was subsequently reconstituted from the humanised variable region and y1 constant region clones using the engi- 
is neered FR4 Spe l site. 
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Sequence L^^ng 
1. INFORMATION FOR SEQ ID NO : 1 



i) SEQUENCE CHARACTERISTICS : 



(A) LENGTH 

(B) TYPE 

(C) STRANDEDNESS 

(D) TOPOLOGY 



1457 

nucleic acid 

single 

linear 



ii) MOLECULE TYPE : cDNA 

20 ix) FEATURE 

(A) NAME/ KEY : CDS [? CODING SEQUENCE] 

(B) LOCATION : 1 1457 

(D) OTHER INFORMATION : /Product "Variable region 

heavy chain" 
Standard name ° "HUMDXCH.23" 

*> ix) FEATURE 

(A) NAME /KEY : Misc feature 

(B) LOCATION : 156 182 

(D) OTHER INFORMATION : /function « CAMPATH 1H FRH1 

35 

ix) FEATURE 

(A) NAME /KEY : Misc feature 

40 (B) LOCATION : 183 197 

(D) OTHER INFORMATION : /function «' CAMPATH 1H CDRH1 

45 ix) FEATURE 

(A) NAME /KEY : Misc feature 

(B) LOCATION : 198 224 

(D) OTHER INFORMATION : /function = CAMPATH 1H FRH2 



xi) SEQUENCE DESCRIPTION : SEQ ID NO : 1 : 
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AAGCTTTACA GTTACTGAGC ACACAGGACC TCACC ATG 38 

Met 

155 

TGC ACC GTG TCT GGC TTC ACC TTC ACC GAT TTC TAG ATG AAC 197 
Cys Thr val Ser Gly Phe Thr Phe Thr Trp Phe Tyr Met Asn 

TGG GTG ACA CAG CCA CCT GGA CGA GGT 224 
Trp Val Arg Gin Pro Pro Gly Arg Gly 

1430 

CCG GGT AAA TGAGTGCGAC GGAAGCTT 1547 
Pro Gly Lys 



INFORMATION FOR SEQ ID NO : 2 : 



i) 



SEQUENCE CHARACTERISTICS 



(A) LENGTH 

(B) TYPE 

(C) STRANDEONESS 

(D) TOPOLOGY 



24 base pairs 
nucleic acid 
single 
linear 



ii) MOLECULE TYPE 

iii) HYPOTHETICAL 

iv) ANTI-SENSE 



SSDNA 

No 

NO 



xi) SEQUENCE DESCRIPTION : SEQ ID NO : 2 



CATCAAGCTT TACAGTTACT GAGC 



24 



INFORMATION FOR SEQ ID NO 



i) 



SEQUENCE CHARACTERISTICS 



(A) LENGTH 

(B) TYPE 

(C) STRAND ED NESS 

(D) TOPOLOGY 



45 base pairs 
nucleic acid 
single 

linear 
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ii) MOLECULE TYPE 

iii) HYPOTHETICAL 

iv) ANTI-SENSE 



ssDNA 

No 

Yes 



10 



Xi) SEQUENCE DESCRIPTION : SEQ ID NO : 3 



TGGCACAGAC CGTCGTGGAA GTCGTGAATA CCATACCCAC ACCCG 4 5 



INFORMATION FOR SEQ ID NO : 4 : 



is 



20 



25 



30 



i) SEQUENCE CHARACTERISTICS 

(A) LENGTH 

(B) TYPE 

(C) STRANDEDNESS 

(D) TOPOLOGY 



ii) MOLECULE TYPE 

iii) HYPOTHETICAL 

iv) ANTI-SENSE 

Xi) SEQUENCE DESCRIPTION 



45 base pairs 
nuclaic acid 
single 
linear 

ssDNA 

No 

No 

SEQ ID NO : 4 : 



35 



ACTTATGGTA TGGGTGTGGG CTGGGTGAGA CAGCCACCTG GACGA 45 



5. INFORMATION FOR SEQ ID NO : 5 : 



40 



46 



i) SEQUENCE CHARACTERISTICS 

(A) LENGTH 

(B) TYPE 

(C) STRANDEDNESS 

(D) TOPOLOGY 



27 base pairs 
nucleic acid 
single 
linear 



so 



ii) MOLECULE TYPE 

iii) HYPOTHETICAL 

iv) ANTI-SENSE 



ssDNA 

No 

Yes 



55 
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xi) SEQUENCE DESCRIPTION : SEQ ID NO : 5 

CATTTACTCA CGCTGCCTTC GAACTAG 
6. INFORMATION FOR SEQ ID NO : 6 : 



i) SEQUENCE CHARACTERISTICS : 



(A) LENGTH 

(B) TYPE 

(C) STRAND EDNESS 

(D) TOPOLOGY 



207 base pairs 
nucleic acid 
double 
linear 



ii) MOLECULE TYPE : dsDNA 

Xi) SEQUENCE DESCRIPTION : SEQ ID NO : 6 



GATCAAGCTT TACAGTTACT GAGCACACAG GACCTCACCA TG 42 

159 

TGCACCGTCT CTGGCAGCAC CTTCAGCACT TATGGTATGG GTGTGGGC 207 



7. INFORMATION FOR SEQ ID NO : 7 : 



i) SEQUENCE CHARACTERISTICS 

(A) LENGTH 

(B) TYPE 

(C) STRANDEDNESS 

(D) TOPOLOGY 



1285 

nucleic acid 

double 

linear 



ii) 



MOLECULE TYPE 



dsDNA 



xi) SEQUENCE DESCRIPTION : SEQ ID NO : 7 : 



ACTTATGGTA TGGGTGTGGG CTGGGTGAGA CAGCCACCTG GACGAGGT 48 

1254 

CCGGGTAAAT GAGTGCGACG GAAGCTTGAT C 1285 
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INFORMATION FOR SEQ ID NO : 8 



SEQUENCE CHARACTERISTICS 

(A) LENGTH 

(B) TYPE 

(C) STRANDEDNESS 

(D) TOPOLOGY 



1471 

nucleic acid 

double 

linear 



MOLECULE TYPE : dsDNA 

FEATURE 

(A) NAME/ KEY : CDS [?] 

(B) LOCATION : 1 1471 

(D) OTHER INFORMATION : /PRODUCT = "Variable region 

heavy chain" 

FEATURE 

(A) NAME /KEY : misc feature 

(B) LOCATION : 160 186 

(D) OTHER INFORMATION : /function CAMPATH 1H FRH1 
FEATURE 

(A) NAME/KEY : Misc feature 

(B) LOCATION : 175 177 

(D) OTHER INFORMATION : point nutation 

FEATURE 

(A) NAME /KEY : Misc feature 

(B) LOCATION : 184 186 

(D) OTHER INFORMATION : point mutation 

FEATURE 

(A) NAME/KEY : Misc feature 

(S) LOCATION : 187 207 

(D) OTHER INFORMATION : /function -DK48 CDRH1 
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ix) FEATURE 

(A) NAME /KEY : Misc feature 

5 (B) LOCATION : 208 234 

(D) OTHER INFORMATION : /function CAMPATH 1H FRH 2 

10 xi) SEQUENCE DESCRIPTION : SEQ ID NO : 8 : 

GATCAAGCTT TACAGTTACT GAGCACACAG GACCTCACC ATG 42 

Met 

159 

TGC ACC GTG TCT GGC AGC ACC TTC AGC ACT TAT GGT ATG 198 
Cys Thr Val Ser Gly (Ser) Thr Phe (Ser) Tur Tyr Gly Met 

GGT GTG GGC TGG GTG AG A CAG CCA CCT GGA CGA GGT 234 
25 Gly Val Gly Trp Val Arg Gin Pro Pro Gly Arg Gly 

1440 

$o CCG GGT AAA TGAGTGCGAC GGAAGCTTGA TC 1471 

Pro Gly Ala 
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(S) ^TOTOftTICN FOR SEQ ID NO: 9: 

(i) S23JENCZ GMttCTEaiSTICS: 

(A) LENGTH: 417 base pairs 

(B) TfPE z mc leic acid 

(C) STHANEECKESS: double 

(D) TCPOIOCY: linear 

(ii) MQISOJIS T»E: c3SA 

(vi) CER2G2&L 

(A) aawue rartus 

(ix) JZATCRE: 

(A) h»ME/m: C2S 

(B) HXaiSCN: 1..417 

(D) OTHER INFCraftlXICN: /product** ,f Heavy ctiain variable 
region with signal sequence 11 
/standardjanft* "YFCSl.l.l" 

(ix) rxAiUAL: 

(A) JWE/IEY: rise signal 

(B) liXmCN: 1..57 

(D) OTHSl nCTSS&TICN: /function^ "Signal sequence" 

(ix) >^.uh£: 

(A) l&MEyKEY: sisc featxnra 

(B) KJOHENs 148*7162 

(D) OTHER IKFCS^nCN: /function^ »CR 1" 

(ix) 

(A) W&!Z/7££: nisc_fieateo 

(B) LOCATION: 205 ..255 

(ix) FS3X2RE: 

(A) NAH^/IS^: sisc feature 

(B) XOCA23CN; 352.?384 



(xi) SSSO^eS EESGOmCN: S1Q H) N0:9: 

A3S AAA TCC ASC TOES AK AAC OTK5l6^^Ca^ra<^ 
Hst Iys Cys Sqs Tzp lis Asi Lsa Stes Lsu Mst Ala Lsu Ala Sag cly 
15 10 15 

GTC ac CCA 655 C&S €35 CAA GtS TCP GG6 CGC &Q CTT GE2S A^ 
Val Tyr Ala Glu Val Gin Leu Gin Gin Ser Gly to Glu Lai Asg Arg 
20 25 30 

OCT (33G TOC TCA GIC A&G TTG TCT TOT AAG ACT TCT TOC A5C ATT 
Pro Gly Sar Ser Val Lys Leu Ser Cys Lys Hftr Sar Gly Tyr Ser lie 

35 40 43 
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AAA &3 1«C CTT COT CAC TGG CIA AAA CnT AGG CCA GAA XkC (wC CTG 152 
lys Asp Tyr Leu Leu His Trp Val Lys His Arg Pro Glu Tyr Gly Lsu 
50 - 55 60 

5 

GAA TSG Ad GGA T3G ATT GAT CTT &G GAT GST GAA ACA AAG ST G3T 240 
Glu Trp He Gly Trp lie Asp Pro Glu Asp Gly Glu TJur lys Tyr Gly 
65 70 " 75 80 

>o CAG AAG 7TT CAA ACC A33 GCC ACA CIC ACT G^ GAT ACA TCC TCC AAC 2SS 

Gin Lys ?h£ Gin Ser Arg Ala Br Leu Br Ala Asp Err Ser Ser Asn 
85 90 95 

ACA GOC TAC ATS GAA CTC AGC AGC CTG AGG TCI GAC GAC ACA GGA, ACC 226 
T5 Tbr Ala lyr Mat Gin Leu Ser Ser Lai ttr Ser Asp Asp Ear Ala Err 

100 105 110 

TAT TIT TGT ACT A£St GGC GAA TXT AGA TAC AAC TCG TCG TTT GAT TAC 2S4 
Tyr Pbs cys xa: Arg Gly Glu Tyr Arg lyr Asi Sar Trp Pfco Asp lyr 
115 120 125 



20 



25 



TGG GGC CAA G3C ACT CTG GIC ACT GTC TCT TCA 417 
Tra Gly Gin Gly TiJr Leu Val ftr Val Ser Ser 
130 125 



(10) 2ffC&£&£GN TOR SEQ ID N0:10: 

(i) SBQUDSffi QffiKACDESXSTICS: 

(A) LSSSffl: 139 amino acids 
30 (B) TXK: asino eeid 

(D) TOPOLOGY: linear 

(ii) *ffl£SS£2 protsin 

35 (xi) OSSIPTICN: SEQ ID NO: 10: 

Maet lys Cys Sir Tsp neAsnLeuJteLsuMstAlaLguAlaSsrGly 
1 5 10 15 

40 Val Tyr Ala Glu Val Gin Lsu Gin Gin Ser Gly Pro Glu Lsu Arg Arg 

20 25 30 

Fro Gly Sor Ser Val XysIsuSsrCysiysEjrSerGly Tyr ser II® 

35 40 45 



45 



50 



lys Asp Tyr Lsu Lai His Trp Val lys His Asg Pro Glu Tyr Gly Lai 
50 55 60 

Glu Trp II© Gly Trp H© Asp Pro Glu Asp Gly Glu Tfcr lys Tyr Gly 
65 70 75 80 

Gin lys Pha Gin Ser Arg Ala Ear Leu Bar Ala Asp Sir Ser Ser Asn 
85 90 95 



55 
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TisrAlalVrMetCljiLBuSerSarlfiUliarSarAspAspTSrAlaTSx 
100 105 no 

Tyr Pha cys "Zr tag Gly Glu Tyr teg Tyr Asn Ser Trp Phe Asp Tyr 
115 120 125 

Trp Gly Gin Gly TSr Leu Val Thr V&l Sar Sar 
130 135 
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(11 ) D*FCR<£2ICN TOR S23 3 NO: 11: 

(i) susses csasAcnsisncs: 

(A) LENCXK; 275 bass pairs 

(5) TYPE: nucleic acid 

(C) STWWDENESS: double 

(D) TOPOLOGY: linear 

(ii) hSOCTIZ TYPE: cENA 

(vi) CRIGS^L 9XRCE: 

(A) ORGANISM: Rfittus rattus 

(be) rZATHRE: 

(A) 1WE/KEY: OS 
(3) IflSIKN: 1..375 

(D) OSES DffCEBOIXCN: /produce Variable region light. 
chain* 1 

/starM£rd_nejasp "YFCSl.l.l" 

(ix) F^TUHE: 

(A) N&ME/KEY: aisc signal 

(B) liOCmCN: 1..60 

(D) CSS* INFCSSCSXGN: /function^ "Signal sequence" 

(ix) ?3E*K2: 

(A) K%3E/K£Y: aisc feature 

(B) KXMSQN: 130.7162 

(D) OB3R /function "C2R 1" 

(ix) FKEOKE: 

(A) ra$ffi/KK: aisc feature 

(B) LDCASTCN: 208.7228 

(D) 02SI INFG^SSSCN: /f\3TC£icsF* "CTR 2" 

(ix) FSffiSS: 

(A) NaME/SSY: aisc fea^sret 

(B) mnON: 325.7351 

(D) OSSBl HOSSffina*? /fura^ian^ "OR 3" 



(Xi) SB30B«S aSSOFXSGN: SSQ X9 HO: 11: 

ADDS A£G GIC C&G GIT ^G C$G GGG GSG CXT CIS CTC ASK 
Mat Arg Val Gin V&l Gin Sfcs Lsu Cly Lu Lai Leu Lsa Bet Sor 
15 10 15 

GGT CCC CfcG TCT GftX GXC OG ATC AOC CftG TCT GOG TCT Bff CXT CCT 
Gly Ala Gin Cys Asp Val Gin Met to Gin Ser Pro Sssr Tyr Lsu Ala 
20 23 30 
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GCS TCT CCT Gm GAA ACT CTT TCC AIC ACT TCC AAG GCA ACT AAG AGC 
Ala Ser Pro Gly Glu Ser Val Ser lie Ser Cys Lys Ala Ser Lys Ser 
25 _ 40 <5 

ATT AGC A*T TAT TTA GCC T3G TAT CAA CAS AAA OCT GGG GAA GCA AAX 
lie Ser Asn Tyr Leu Ala Trp 7Vr Gin Gin Lys Pro Gly Glu Ala Asn 
50 55 " 60 

AAA CTT CTT GTC T» TET GGG TCA ACT TS3 CSA TCT G£A AIT OOV TCG 
Lys Leu Leu Val Tyr Tyr Gly Ser Br Lsu Arg Ssr Gly lie Pro Ser 
65 "0 75 80 

A3G TIC ACT GGC ACT GGA TCT GCT ACA GAT TIC ACT CIC AGC AIC ASl 
Arc Pha Ser Gly Ser Gly Ser Gly <2x Aso Pha Bar Lau Bar Ila Arg 
85 90 95 

AAC CIG GAS CCT GCA GAT TIT GCA GTC T?C TAG TCT CAA CAG TXT TAT 
Asn Lsu Glu Pro Ala Asp Phe Ala Val Tyr Tyr cys Gin Gin Tyr Tyr 
100 105 HO 

GAA AGA CC3 CIC ACG TIC GCT TCT GGG ACC AAG CIO KG 
Glu Arg Pro Leu ifcr Phe Gly Ser Gly Ear Lys Leu Glu 
113 120 125 



(12)INFCIRffiTICN FOR S33 ID NO: 12: 

(i) SSgODIG GttRACIZRISUCS: 

(A) X£NGTH: 125 saino acids 

(B) TYPE: anino add 
(D) TQPCfLDGY: liraar 

(ii) MDL5SJLS TYPE: ja^ein 

(Xi) SSQ0EHCE DESGOSnctf: S33 ID NO: 12 

Met Arg v&l Gin Val Gin Phe l^u Gly Lsu l£U &su X&a Bep 2Ssr Ser 
1 5 10 33 

Gly Ala Gin cys Asp Val Gin Mst Ear Gin sssr Pro Ssr 3yr Lai .Ala 
20 25 .30 

Ala Ser Pro Gly Glu ser Val Ser lie Ssr cys Lys Ala Ssar Lys Ssr 
35 40 «5 

He Ssr Asn Tyr Lsu Ala Trp Tyr Gin Gin Lys Pro Gly Glu Ala Asi 
50 55 60 

Lys Lai L©i Val Tyr Tyr Gly Ser Ex Lsu Arg Ssr Gly XlQ Pro Scar 
65 70 75 80 

Arg Phe Ser Gly Ser Gly Ser Gly Bar Asp Ifta Ear Lai Bxr lie teg 
85 90 95 
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Asn Lsu Clu Pro Ala Asp Phe Ala val Tyr Tyr cys Gin Gin Tyr Tyr 
100 1C5 HO 

Glu Arg Pro Leu Bir Phe Gly Ser Gly Bar Lys Leu Glu 
115 120 125 
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(ii) T¥FE: c&Sk 

(iii) No 

(iv) WII-SsXSZ: No 

(vi) CJRICT^L SOURS: 

(A) CRGANISf: Rattus rattus 

(xi) BESCaima*: SB3 ID NO: 17: 

(13) INFCS$»nCN FOR SSQ ID HO: 23: 

(i) SB5®*e GffiRACISESTXCS: 

(A) LS*G3H: 30 bases 

(B) TXFE: nucleic acid 

(C) SXRMOEDNESS: single 

(D) TOPOLOGY: linaar 

(ii) CTmiry; tss: sszm 

(iii) HXFeSE2«L: NO 
(iv) AifE-S^SS: NO 

(xi) Sffi0®3S OSCSCTTieN: SB3 SB NO:13: 
AGIGftGGfca 

(14) B3FC58©2TGM FOR SSQ ID NO: 14: 
(i) SBQOSHS OiftRAC^ISIIS: 

(A) isesra: 43 bases 

(B) TXFE: jaaeloie acid 

(C) gm&gmv^t singlo 
(9) SSP@EfiS£s lijtaE? 

(ii) SffiESS2£ T^£: ssSM 

(iii) NO 
(iv) ANS2-S©8Sg: VIS 

(3d) SS3U^S DE5G?IFIXGN: SS9 ID NO: 14: 
GCEAA&By^ ^^AASCCT CmCTCCT T3^SSM TCG 

(13 INFC&SOTCtf FOR SSQ ID NO: 15: 
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(A) L3SHH: 43 basas 

(B) _ TYPE: nucleic acid 

(C) SOMNDEttESS: single 

(D) TOPQLOGY: linear 

(ii) TYPE: ssCNA 

(iii) HXTCEHmOL: NO 
(iv) ANTI-SZKSS: NO 

(Xi) SEQUENCE DESC3ZPIICN: S2Q ID N0:i5: 
AO^TSG CMTiaiTIA GOCTCCTiCC AGO^AftGCC AGG 
(16) D3FC5^«HCN FOR SZQ ID N0:16: 

(i) SEQUENCE GIARACISISnCS: 

(A) 41 bases 

(B) T2FS: nucleic acid 

(C) SISANDE2NKS: single 

(D) TOPOLOGY: linear 

(ii) JgOKKS TYPE: ssONA 
(iii) HSOSSnOL: NO 
(iv) ANH-SSKSE: ¥3 



(3d) DSGRIFIXCN: SEQ ID N0:16: 

AGftSCSQ&A GXT»CCSS AGIBGftTaG OCCLTlUiA G 
(17) INFESSffiKCSI FOR S33 ID N0:17: 

(i) SBS0©*CE GmRACESXSnSs 

(A) ISSESH; 41 bases 

(B) HPEs n^eloie seifi 
(O SB&SSSS^Ss single 
(D) TOFO£flGY: lij^aar 

(ii) yanffgrnrs T^E: ssD)& 
(iii) HXPOEfmG&r NO 



(iv) ANK-SSKSE: NO 



27 



EP0 552 266 B1 



(xi) SEQUENCE DESCRIPTION: SZQ ID NO: 17: 

:sotggtsa cnrcosAic tocttctsoca accagactca g 

(13) IN7Ur3ft2SCN FOR SEQ ID NO:18: 

(i) S33ENCE G-&EACTERISTICS: 
(A) LZNCIH: 47 basas 
(3) TYPE: nucleic acid 

(C) SEttNDENSS: single 

(D) TOPOLOGY: liraar 

(ii) W3LSSJLE TYPE: ssCN* 
(iii) KYFOIHSTCAL: NO 
(iv) AtfTI-SIHSE: YES 



(xi) SS3UE3CE DESCRIPTION: SEQ ID NO:18 : 
CGICftCCSGT ClTlCflMff ACTOIT3GCA GiaGI&OGTO GwAIWI 
(19) 25EK«23CN FOR SB9 ID N0:1S: 
(i) SSKJENCE GS^ACn^ISTIS: 
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(A) 47 baaos 

(B) TXPE: judaic acid 
[CI SZ&mSSGSSt single 
(D) OTQLCCK: linasr 

(ii) TSPE: SSCNA 

(iii) 1W 

(iv) ANTC-S2HSE: NO 



(xi) SSgUE^S DESCRIPTION: S33 ID N0:i9: 
Q&CaGEST ASGAfiACaOC eCMMflSYXC GGOCAftSSa CCMSCT 
(20) HSFCSSffinCN TOR SBQ ID N0:20: 

(i) SBQOBtcs oaRAcnsisncs: 

(A) LESS: 30 has^s 

(B) TXPE: nuclaie acid 

(C) S3&S©E2tfISS: singl© 

(ii) KPS: ssEA 

(iii) HXFessrse&: ko 

(iv) ANTS-SS^SE: YES 



(xi) SS^^S BSOEFXXCN: SS9 ID K0s20 : 

©ss^esr eoofflsis^ 

(21) 2^DS^KCS3 SZQ a NOsH: 
(i) SBQG©^ Q&S&S^SSKSs 

(A) mzgmi 3i tesas 

(B) TXfE: pelade field 

(C) SS8tf©®HSS: singlo 

(D) TOPQLOOfs listoa? 

(ii) JCTSmS TKFEs ssjm 
(iii) HXP0XS!E2©L: NO 
(iv) ANTX-SB*SEs KO 
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(xi) SEQUENCE DESC50FX2CN: SB3 JD NO: 21: 
Q&£U.T1AC ZGTZbCK3tG C 
(22) IKPCS^fflHON FDR SSQ ID N0;22 : 



(i) SEQUELS G»RAC223*ISXIQ: 

(A) LS3GIH: 36 bases 

(B) TSE: nucleic acid 

(C) SE$J©E2*BS: sinjle 

(D) TOPOLOGY: linaar 

(iii) NO 
(iv) ANTC-SHHSE: YES 



(xi) SB3ENCE DSS G^ U G N: SEQ ID N0:22: 
GXCaS&SS A^OC 



(23) PGR sm 2D NO:23: 

(i) SSS9©«S M^SHS: 

(A) ZJ2*G2Hs 36 feacos 

(B) TSE: nacloic acid 

(C) SSfiJSSfNES; sittgl© 

(D) TaPOLOCY: lim^g 

(iii) KO 
(iv) ANIX=SS«SEs NO 



<sd) g^O^e BSgsssSGHs S> ND:23: 
eamesse ^^ra^r Gac&a^es^ esea 

(24) INFdSffiSSOtf FCK SBQ S 

(i) SSS0®$Q Q&aftSS^STXS: 

(A) imsmz 54 barest 

(B) TXFSs nadaic acid 

(C) SK&SSB^Ss singla 
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(0) TOPOLOGY: linaar 

(ii) MOT mm TYPE: ssCNA 
(iii) KSFOJHECXCtt: W 
(iv) ANII-SEISE: YES 

(xi) S33®JS DESUTICN: SE3 ID N024 : 
ATACmXjTT ^QjCCAMCT cassasc&at CCA2CCAATC CACTCAAGftC CXOS 
(25) BetS&ftHON FOR SSQ ID NO 25 : 

(i) SSSG^CS aaS&CSSSUCS: 

(A) LS5G2H: 54 basss 

(B) T5GPE: nucleic acid 

(C) SSftNDESSCKS: single 

(D) HOECUXX: linsar 

(ii) TffiE: ss£3& 

(iii) HXFOSgSSOL: HO 

(iv) ANEI-S2JSE: NO 

(xi) S^D^S BESGOFnCN: SSQ m N0:25: 

g^s&&c?a agseggtca aacrntaA Ascaassa c&areeGGT asc 

(2Q PGR S2Q ID N0:26: 

(i) SB3Q£tfC£ G5£$£^gS5XS: 
(A) 43 feasos 

(§) TSffEs raaeloie acid 

(C) SES8©(Ea®S: siJ^lQ 

(D) TBPCSffiXs liraar 

(ii) T£>S: ssBm 

(iii) KSOBSSttL* KO 
(iv) ANSS-SiHSE: 

(xi) S^U£KC£ DSG2ra©J: SBQ ID K0:26: 
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aaQG££TTG TAEOTaaiT QXttCTHGZ ACft&S&AIAG ACCGC 
(27) INFareS&nCN FOR SB3 ID N0:27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGBi: 54 basos 

(B) THE: nucleic .acid 

(C) SIRai©S2*KS: single 

(D) TOPOLOGY: linaar 

(ii) TffE: 
(iii) HXPa2Sn«L: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DSSSIFlTaN: SEQ ID N0:27: 
ASTAeAACT (JU1UU1T1GA TTACXCGSST G&ftGSCTCAC TOGTacaCT CICC- 
(28) INFCRttnCN SB3 3D N0:2S: 

(i) ssga^KS q&ra^s*xstics: 

(A) XSBSSi: 36 begss 

(B) TffiE: nuclaie add 

(C) SBSBSEBiSS: single 

(D) TOPOLOGY: URaas* 

(ii) TXFE: ts&m 

(iii) HffOSHiaL: NO 
(iv) ANH-SENSS: YS 



(3d) SSSOENS DSSePS^; SBQ ® N9s28s 



WagTSCTO AGGGAftS^SS ©tfaSGSSS AaGG2§ 
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(i) e^s^ssi 

(A) ISSSSis 4S fcaeas 

(B) T&Zx naeleie aeid 

(C) SsasSEN^Ss single 

(ii) m^££ TOE: ssS^ 
(iii) ^CS^Q&s HO 

(iv) m 



(2Si) S^B^iS B^&^zSSSt §m S JOs29s 

esss^s sa»§sx26 e^s^aeee Ta^ssa qsjss 48 
(30) assess®? imsmm m&o i 

(h) iM&mi 33 feK^3 

(B) xaseisie aeid 

(C) ©iaglm 
(B) SSeSE^fs lisrm* 

(41) SSLgSS TSSls ^sm 

(iii) KD 

(iv) $sm~s&^i ¥m 



(2d) ^jQSSS BBQHMs S K9S30S 

33 



Claims 

1 . A method for producing a double- or single-stranded DN A of formula 
5' F1-M-F2 3 f 

encoding an antibody chain or fragment thereof in which at least one of the complementarity determining regions 
(CDRs) of the variable region of the anttoody chain is derived from a first mammalian antibody, and the framework 
of the variable region is derived from a second, different mammalian antibody, wherein M comprises DMA encoding 
a CDR of the first anttoody and F1 and F2 respectively encode 5' and 3* sequences flanking M, which method com- 
prises; 

(i) preparing a single- or double-stranded DNA template of the formula 
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wherein H comprises DNA encoding a CDR of a drff rent specificity from M and f1 and f2 are substantially 
h mologous to F1 and F2 respectively (i.e. f 1 and f2 may have minor changes compared to F1 and F2 respec- 
tively) 

(ii) obtaining DNA oligonucleotide primers A, B, C and D wherein 

A 

- comprises a sequence a 1 which has a 5* end corresponding to the 5' end of F1 and which ts identical 
to a corresponding length (i.e. a sequence of the same number of nucleotides and with the identical 
or complementary sequence) of the sequence F1, is oriented in a 5* to 3' direction towards H; 

B consists of the sequence 

5'b 1 -b 2 3' 

wherein 

b 1 comprises a sequence complementary to a corresponding length of M and has a 3' end which is 
complementary to the 5' end of M, and 

b 2 is complementary to a sequence of corresportcfing length in F 1 and has a 5' end which starts at the 
nucleotide complementary to the 3' end of F 1 ; 

C consists of the sequence 

J?cV3' 

wherein 

c 1 comprises a sequence identical to the corresponding length of M and has a 3' end which corre- 
sponds to the 3* end of M, and 

- c 2 is identical to a sequence of corresponding length in F2 and has a 5 end which starts at the nucle- 
otide corresponding to the 5' end of F2; 

D 

comprises a sequence d 1 which has a 5* end complementary to the 3* end of F2 and which is comple- 
mentary to a corresponding length of F2, and 
is oriented in a 5 1 to 3' direction towards H; 

and wherein b 1 and c 1 overlap by a length sufficient to permit annealing of their 5 ends to each other under 
conditions which allow a polymerase chain reaction (PCR) to be performed; 

(iii) performing, in any desired order, PGR reactions with primer pairs A.B and C,D on the template prepared in 
(i) above; and 

Civ) mixing the products obtained in (iii) above and performing a PCR reaction using primers A and D. 

A method according to any one of the preceding claims wherein the primers A and D contain at least one restriction 
endonuciease recognition site within 10 nucleotides of their 5' ends. 

A method according to any one of the preceding claims wherein, in the primers B and C, b 1 and c 1 are the same 
number of nucleotides in length. 

A method according to any on of the preceding claims wherein primers A, B, C and D are each from 15 to 200 
nucleotides in length. 
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5. A method for the production of a humanised antibody wherein at least one of the CDR regions of a human antibody 
light or heavy chain is replaced by a method according to any one of the preceding claims. 

6. A method according to any one of the preceding claims which further includes the introduction of the DMA obtained 
5 into an expression vector. 

7. A method according to claim 6 which further includes the introduction of the expression vector into a host cell. 

8. A method according to claim 7 which further includes expression of the DNA obtained and recovery of the 
w expressed product 

9. A method for producing a double- or single-stranded DNA of formula 

5' F1-M1-F2-M2-F3-M3-F4 3' 

75 

encoding an antibody chain or fragment thereof in which the three complementarity determining regions (CDRs) of 
the variable region of the antibody chain are derived from a first mammaiian antibody, and the tour framework 
regions of the variable domain are derived from a second, different mammalian antibody, wherein M1 , M2 and MS 
comprise DNA encoding CDRs of the first anttoody and F1 , F2, F3 and F4 comprise framework sequences flanking 
20 the CDRs M1, M2and M3, which method comprises; 

(t) preparing a single- or double-stranded DNA template of the formula 

5'f1-H1-f2-H2-f3-H3-f4 3' 

25 

wherein H1 , H2 and H3 comprises DNA encoding CDRs of a different specificity from M1 , M2 and M3, and f 1 , 
12, f3 and f4 are substantially homologous to F1, F2, F3 and F4 respectively (i.e. f 1 , f2, f3 and f4 may have 
minor changes compared to F1 , F2, F3 and F4 respectively) 

30 00 obtaining DNA oligonucleotide primers A, B, C, D, E, F, G and H wherein 

A 

comprises a sequence a 1 which has a 5' end corresponding to the 5' end of F1 and which is identical 
35 to a corresponding length of the sequence F1 , 

* is oriented in a 5 to 3' direction towards H1 ; 

B consists of the sequence 

40 

5'b 1 -b 2 3* 
wherein 

46 - b 1 comprises a sequence completrtentary to a corresponding length of M1 and has a 3* end which is 

complementary to the 5' end of M1 , and 

- b 2 is complementary to a sequence of corresponding length (i.e. a sequence of the same number of 
nucleotides and with the identical or complementary sequence) in F 1 and has a 5' end which starts at 

so the nucleotide complementary to the 3* end of F1 ; 

C consists of the sequence 

55 

wherein 

- c 1 comprises a sequence identical to the corresponding length of M 1 and has a 3' end which corre- 
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sponds to the 3' end of M 1 , and 

c 2 is identical to a sequence of corresponding length in F2 and has a S end which starts at the nucle- 
otide corresponding to the 5* ndF2; 

D consists of the sequence 

S'd 1 ^' 

wherein 

- d 1 comprises a sequence complementary to a corresponding length of M2 and has a 3' end which is 
complementary to the 5' end of M2, and 

- d 2 is complementary to a sequence of corresponding length in F2 and has a 5* end which starts at the 
nucleotide complementary to the 3' end of F2; 

E consists of the sequence 

sV-e 2 3' 

wherein 

e 1 comprises a sequence identical to the corresponding length of M2 and has a 3' end which corre- 
sponds to the 3* end of M2, and 

e 2 is identical to a sequence of corresponding length in F3 and has a 5* end which starts at the nucle- 
otide corresponding to the 5' end F3; 

F consists of the sequence 

S'f 1 -^' 

wherein 

- f 1 comprises a sequence complementary to a corresponding length of M3 and has a 3' end which is 
complementary to the 5 ' end of M3, and 

• f 2 is complementary to a sequence of corresponding length in F3 and has a 5' end which starts at the 
nucleotide complementary to the 3' end of F3; 

G consists of the sequence 

5'gV3' 

wherein 

- g 1 comprises a sequence identical to the corresponding length of M3 and has a 3' end which corre- 
sponds to the 3' end of M3, and 

- g 2 is identical to a sequence of corresponding length in F4 and has a 5 end which starts at the nucle- 
otide corresponding to the 5* end F4; 

H 

- comprises a sequence h 1 which has a 5* end complementary to the 3' end of F4 and which is comple- 
mentary to a corresponding length of F4, and 

- is oriented in a S to 3' direction towards H3 ; 

and wherein the pairsb 1 and c\d 1 ande 1 , and f 1 and g 1 overlap by a length sufficient to permit annealing 
of their 5> ends to each other under conditions which allow a PCR to be performed; 

(iii) performing, in any desired order, PCR reactions with primer pairs A.B; C.D; E.F; and Q.H on the template 
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prepared in (i) above to obtain DNA fragments AB, CD, EF and GH; and 
(iv) splicing the fragments obtained in (iii) above to obtain the desired DNA. 
PatentsnsprOche 

1 . Veriahren zur Hersteltung einer doppel- oder einstrangigen DNA der Formel 
5' F1-M-F2 3' 

die eine AntikOrperkette oder ein Fragment davon kodiert, worin wenigstens eine der tornplementaritatsbestim- 
menden Regionen ("complementarity determining regions", CDRs) der variaWen Region der AntikGrperkette aus 
einem ersten Saugetier-ArrtikCrper stammt und das GerOst der variablen Region aus einem zweiten unterschiedii- 
chen Saugetier-Antikdrper stammt worin M DNA umfaftt, die eine CDR des ersten Antikfirpers kodiert und F1 und 
F2 5*- bzw. 3*-Sequenzen kodieren, die M f lankier en, wobei das Verfahren umfaBt: 

(i) Hersteilen einer ein- oder doppelstrangigen DNA-SchaWone der Formel 

5M-H-f2 3' 

worin H DNA umfaBt die eine CDR einer unterschiediichen Spezifizrtat von M kodiert, und f 1 und f2 im wesent- 
lichen homolog zu F1 bzw. F2 sind (d.h. f 1 und f2 kOnnen geringfOgige Anderungen im Vergleich zu F1 bzw. 
F2 aufweisen) 

(ii) Erhalten der DNAOKgonuWeotid-Primer A, B, C und D, worin 

A 

eine Sequenz a 1 umfeGt, die ein dem S-Ende von F1 entsprechendes S'-Ertde aufwetst und die inden- 
tisch mit einer entsprechenden Lange (d.h. mit einer Sequenz der gleichen Anzahl von NukJeotiden 
und mit der identischen oder komplementaren Sequenz) der Secpjenz F1 ist 

in einer S'-zu-S-Richtung zu H orientiert ist; 
B aus der Sequenz 

5'b 1 -b 2 3* 
besteht, worin 

- b 1 eine zu einer entsprechertden Lange von M tornplementare Sequenz umfaBt und ein 3'-Ende auf- 
weist das kornplementar zum 5'-Ende von M ist, und 

- b 2 kornplementar zu einer Sequenz errtsprechender Lange in F1 ist und ein S'-Ertde aufweist das am 
zum 3'-Ende von F1 komplementaren Nukteotid beginnt; 

C aus der Sequenz 
bssteht, worin 

- c 1 eine mit der entsprechenden Lange von M indenttsche Sequenz umtaBt und ein 3'-Ertde aufafsisi, 
das dem 3'-Ertde von M entspricht und 

- c 2 identisch mit einer Sequenz errtsprechender Lange in F2 ist und ein 5'-Ende aufweist, das am dem 
5*-Ende von F2 entsprechertden Nukfeotid beginnt 

D 
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ein Sequenz d 1 umfaBt. die ein zum 3-Ende von F2 komplementares S'-Ende aufweist urtd die torn- 
plemsntar zu einer entsprechenden Ldnge von F2 let, und 

in einer 5'-zu-3'-Richtung zu H orientiert ist; 

5 

und worin b 1 und c 1 mrt einer ausreich nden Lange zur Verschm Izung ihrer 5'-Enden miteinander unter 
Bedingungen uberiappen, die die DurchfQhrung einer PGR erlauben; 

(iii) Durcnfuhren von PCR-Reaktionen in jeder gewunschten Reihenlolge mit den Primerpaaren A.B und C,D 
w an der in (i) oben hergestellten Schablone; und 

(iv) Mischen der in (iii) oben erhaltenen Produkte urtd Durcnfuhren einer PCR-Reaktion urtter Verwendung der 
Primer A und D. 

is 2. Verfahren gerr&B einem der vorhergehenden AnsprQche, worin die Primer A und D wenigstens eine Restriktions- 
ertdonuHease-Erkennungsstelle innerhaJb 10 Nukleotiden ihrer 5'-Enden enthatten. 

3. Verfahren gemaB einem der vorhergehenden AnsprQche. worin in den Primern B und C b 1 und c 1 in der Unge die 
gteiche Anzahl von Nukleotiden aufweisen. 

20 

4. Verfahren gemaB einem der vorhergehenden AnsprQche, worin die Primer A, B, C und D jeweils eine Lange von 
15 bis 200 Nukleotiden aufweisen. 

5. Verfahren zur HersteJiung etnes humanisierten Antik6rpers, worin wenigsten eine der CDR-Regionen einer leich- 
26 ten Oder schweren Kette eines menschlichen AntikSrpers durch ein Verfahren gemaB einem der vorhergehenden 

AnsprQche ersetzt wird. 

6. Verfahren gemaB einem der vorhergehenden AnsprQche, das zusatzlich die EinfQhrung der erhaltenen DNA in 
einen Expressionsvektor einschJieBt 

30 

7. Verfahren gemaB Anspruch 6, das zusatzlich die EinfQhrung des Expressionsvektors in eine Wirtszelle einschlieBt. 

8. Verfahren gemaB Anspruch 7, das zusatzlich die Expression der erhaltenen DNA und Gewinnung des axprimierten 
Produkts einschlieBt. 

35 

9. Verfahren zur Herstellung einer doppel- oder einstrangigen DNA der Forme! 

5' F1 -Ml -F2-M2-F3-M3-F4 3' 

40 die eine Antik&rperkBtte oder ein Fragment davon kodiert worin die drei kDmplementarttatosstimrn^tdQn Regio- 
nen f complementarity determining regions", CDRs) der variation Region der Antikerperkette aus einem ersten 
S§ugetier-Antik8rper stammen und die vier GerOstregionen der variablen Domane aus einem merten unterechied- 
Hchen Saugetier-Antikdrper stammen, worin M1 , M2 und M3 DNA umfassen, die CDRs des ersten Antikerpers 
kodiert und F1 , F2, F3 und F4 GerQstsequenzen umfassen, die die CDRs M1, M2 und M3 flankieren, wobei das 

45 Verfahren umfaBt: 

0) Hersteiien einer ein- oder doppalstrangigen DNA-Schablone der Forme) 
5' M-H1-f2-H2-f3-H3-f4 3' 

50 

worin H1, H2 und H3 DNA umfaBt, die CDRs einer unterschtedlichen Spezifizitat von M2, U2 und m kocBert. 
und f1, f2, f3 und f4 im wesentichen homoteg zu F1, F2, F3 bzw. F4 sind (d.h. f1, f2, f3 und f4 k&nnen gsrtng- 
fQgige Anderungen im Vergleich zu F1 , F2, F3 bzw. F4 aufweisen) 

56 (iO Erharten von DNA-OligonuWeotid-Primem A, B ? C, D, E, F, G und H, worin 

A 
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- eine Sequenz a 1 umfaft, die ein dem S'-Ende von F1 entsprechendes S'-Ertde aufweist und die tden- 
tisch mrt einer entsprechenden Lange der Sequenz F1 ist 

- in einer 5'-zu-3'-Richtung zu H1 ori rrtiert ist; 
B aus der Sequenz 

5'b 1 -b 2 3' 
besteht, worin 

- b 1 eine zu einer entsprechenden Lange von M1 kompiernentare Sequenz umfaSt und ein 3'-Ertde auf- 
weist, das kompiementar zum 5*-Ertde von M1 ist, und 

- b 2 kompiementar zu einer Sequenz entsprechender Lange (d.h. mrt einer Sequenz der glecchen 
Anzahl von NuWeotiden und mit der identischen oder tomplementaren Sequenz) in F1 ist und ein 5- 
Ende aufweist das am zum 3'-Ende von F1 kompiementar en NuWeoM beginnt; 

C aus der Sequenz 
besteht, worin 

- c 1 eine mit der entsprechenden Lange von Ml tdentische Sequenz umfaBt und ein 3'-Ende aufweist, 
das dem 3'-Ende von M1 entspricht, und 

- c 2 identisch mrt einer Sequenz entsprechender Lange in F2 ist und ein 5-Ende aufweist, das am dem 
5'-Ende von F2 entsprechenden Nukleotid beginnt; 

D aus der Sequenz 

5'd 1 Hd 2 3' 

besteht, worin 

- d 1 erne zu einer entsprechenden Lange von M2 komplentare Sequenz umfaBt und ein S'-Ertde auf- 
weist, das kompiementar zum 5*-Ende von M2 ist und 

- d 2 kompiementar zur einer Sequenz entsprechender Lange in F2 ist und ein 5'-Ende aufweist, das am 
zum 3'-Ende von F2 komplementaren Nukleotid beginnt; 

E aus der Sequenz 
besteht, worin 

• e 1 eine mit der entsprechenden Lange von M2 indentische Sequenz umfaBt und ein 3*-Ende aufweist 
das dem 3'-Ende von M2 entspricht und 

- e 2 identisch mit einer Sequenz entsprechender Lange in F3 ist und ein 5'-Ende aufweist das am dem 
5'-Ende von F3 entsprechenden Nukleotid beginnt; 

F aus der Sequenz 
besteht, worin 
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f 1 eine zu einer entsprechenden Lange von M3 komplementare Sequ nz umfaBt und ein 3'-Ertd auf- 
weist, das tornplernentar zum 5-Ende von M3 ist, urtd 

- f 2 komplement&r zu iner Sequenz entsprech nder Lange in F3 ist urtd ein 5'-Ende aufweist, das am 
zum 3'-Erttfe von F3 komplementaren NuWeotid beginnt; 

G aus der Sequenz 

5'aV3' 

besteht, worm 

g 1 eine mit der entsprechenden Lange von M3 identische Sequenz umfaBt und ein 3'-Ertde aufwetst, 
das dem 3-Ende von M3 entspricht und 

- g 2 tdentisch mit einer Sequenz entsprechender Lange in F4 ist und ein 5'-Ende aufweist das am dem 
5*-Ende von F4 entsprechenden NuWeotid beginnt; 

H 

eine Sequenz h 1 umfaBt, die ein zum 3'-Ende von F4 komplementires 5'-Ende aufweist und die torn- 
plernentar zu einer entsprechenden Lange von F4 ist, und 

- in einer S'-zu-S'-Richtung zu H3 orierrtiert ist; 

und worin die Paare b 1 urtd c 1 , d 1 und e 1 , urtd f 1 und g 1 mit einer zum Verschmelzen ihrer y-Enden mit- 
einander ausreichenden Langer unter Bedingungen uberlappen. tie die DurchfQhrung einer PCR erlau- 
ben; 

(iii) DurchfOhren von PCR-Reaktionen in jeder gewGnschten Reihenfdge mit den Primer-Paaren A.B; D,D; E.F; 
und G,H an der in (i) oben hergesteliten SchaWone, urn DNA-Fragmente AB, CD, EF und QH zu erhatten; und 

(iv) SpleiBen der in (iii) oben erhaltenen Fragmente, urn die gewunschte DMA zu erhatten. 
Revindications 

1 . Mdthode de production d'un ADN double brin ou simple brin de formuie 
5*F1-M-F2 3* 

codant pour une chatne d'anticorps ou un fragment de celle-ci ou au moins Tune des regions comptementaires 
dGterrrtinarrtes (CDR) de la region variable de la chatne d'anticorps est d6riv6e d'un premier anticorps de mairtmi- 
ffcre, et le motif de la region variable d6riv6 d'un deuxfeme anticorps de mammitere different, ou M comprertd de 
I* ADN codant pour une CDR du premier anticorps, et F1 et F2 codent pour des sequences bordant M, lequelle 
method© comprertd: 

(i) la preparation d'une matrtce d'ADN simple brin ou double brin de formuie 

5'f1-H-f2 3' 

dans iaquell© H comprend un ADN codant pour une CDR d'une sp6cificit6 d*rff6rente de M, et f1 eft f2 sent 
essentieilement homoiogues k F1 et F2 respectivement (e'est-d-dire que f 1 et f2 peuvent presenter des varia- 
tions mineures vts-&-vis de F1 et F2 respectivement) 

(ii) I'obtentton d'amorces d'oligonuci§otides d'ADN A, B, C et D ou 

A 

- comprertd une sequence a 1 qui poss&Je une extr6mit6 5' correspondant & I'extrdmrte S de F1 fit qui 
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est kjentrque a une longueur correspond ante (c'est-a-dire une sequence compcrtant le mime nombre 
de nucleotides et preserrtant la sequence tdenttque ou complemenlaire) de la sequence F1, 
est orient 6a en sens 5* - 3' vers H; 

B consists en la sequence 

5'b 1 -b 2 3' 

dans laquelle 

b 1 comprend une sequence complementaire a une longueur correspondante de M et poss&d© une 
extremite 3' complementaire a rextremite 5' de M, et 

b 2 est complementaire a une sequence de longueur correspondante dans F1 et possede une extre- 
mite 5' qui commence au nucleotide complementaire a rextremite 3* de F1 ; 

C consists en la sequence 

5 , c 1 -c 2 3' 

dans laquelle 

- c 1 comprend une sequence identique a la longueur correspondante de M et possede une extrerrtite 3' 
correspondant a rextremite 3' de M, et 

- c 2 est tdenttque a une sequence de longueur correspondante dans F2 et possede une axtremite 5* qui 
commence au nucleotide correspondant a rextremite 5' de F2; 

D 

comprend une sequence d 1 possedant une extremite 5' complementaire a I'sxtr6mit6 3' de F2 et qui 
est complementaire a une longueur correspondante de F2, et 

- est oriented dans le 6ens 5* - 3* vers H; 

et ou b 1 et c 1 se chevauchent d'une longueur suffisante pour permetJre ('annexation de leurs extremites 5' 
I'une a 1'autre dans des conditions permettant rexecuticn d'une reaction PCR; 

(Hi) I'execution, dans nlmporte quel ordre souharte, de reactions PCR avec des paires d'arnorces A.B et CD 
sur la matrice prepares au point (0 ci-dessus, et 

(iv) le melange des produits obtenus au point (Hi) cWessus et ( execution d'une reaction PCR en utilisant des 
amorces A et D. 

2. Met node seton I'une queiconque des revendications qui precedent, dans laquelle les amorces A et D contiennent 
au moins un site de reconnaissance d'ertdonud&ase de restriction dans les 10 nucleotides de leur extremite 5*. 

3. Methode selon I'une quelcorajue des revendications qui precedent dans tequefle les amorces B et C, b 1 et c 1 pos- 
sedent le m&ne nombrs de nucleotides en longueur. 

4. Methode selon I'une queiconque des reveroScations qui precedent, dans laquelle les amorces A, B, C et D poss&- 
dent chacune de 15 a 200 nucleotides en longueur. 

5. Methode de production d'un anticorps humanist dans lequel au moins une des regions CDR d'une cha!ne I6g&re 
ou tourde d'anticorps humains est remplace par une methods selon I'une queiconque des revendications qui pre- 
cedent. 

6. Methode selon I'une queiconque des revendications qui precedent, comprenant en outre ['insertion de I'ADN 
obtenu dans un vecteur d'expressioa 

7. Methode selon la rsvertdication 6, comprenant en outre I'intrcduction du vecteur d'expresston dans ime cellule 
hot®. 
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8. Method selon la revendication 7, oompr nant n outre t'axpression de I'AON obtenu et le recuperation du produK 
exprime. 

9. M6thode de production d'un ADN double br in ou simple brin de formute 

5 

5* F1-M1-F2-M2-F3-M3-F4 3' 

codant pour une chalne d'anti corps ou un fragment de celle-ci ou ies trois regions compiementaires determinantes 
(CDR) de la region variable de ia chalne d'anticorps sont d6rivees d'un premier anticorps de marnrrtif6re, et Ies 
10 quatre regions du motif du domain e variable sont d6riv£es d'un deuxieme anticorps de rnamrnff^e different ou 
M1 , M2 et M3 comprennent de I'ADN codant pour des CDR du premier anticorps et F1 , F2, F3 et F4 comprennent 
des sequences du motrf bordant Ies CDR M1 , M2 et M3, laqueile mdthode comprend: 
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(i) la preparation d'une matrice d'ADN simple brin ou double brin de formule 
5' f1-H1 -f2-H2-13-H3-f4 3* 



dans laqueile H1 , H2 et H3 comprennent de I'ADN codant pour des CDR d'une sp6cificit6 diff6rente de M1 , M2 
et M3, et f 1 . f2, f3 et f4 sont essentiellement homoiogues k F1 , F2, F3 et F4 respectrvemerrt (c'est-&-dire que 
20 fi etf2 peuvent presenter des variations mineures vis-a-vis de F1 et F2 respecdvement). 

00 Tobtention d'amorces d'oligonud6otides d'ADN A, B, C, D, E, F, G et H dare lesquelles 



25 - comprend une sequence a 1 qui possede une extr6mit6 5' correspondant k I'extr6mit6 5* de F1 et qui 

est tdentique k une longueur correspondante de la sequence F1 , 
est orientee on sens 5' - 3' vers H; 



6 consists en la sequence 
dans laqueile 

35 - b 1 comprend une sequence comptementaire k une longueur correspondante de M1 et possede une 

extr6mite 3* compiementaire k I'e&ctremit6 5' de W , et 
- b 2 est compiementaire k une sequence de longueur correspondante dans F1 et possede une extr6- 
mite 5' qui commence au nucleotide compiementaire k I'eretremite 3' de F1 ; 

40 C consists en la sequence 

5'cV3' 

dans laqueile 



c 1 comprend une sequence tdentique k la longueur correspondante de M1 et possede une axtr&nrtite 
3' correspondant k I'extremite 3' de M1 , et 

c 2 est tdentique k une sequence de longueur correspondante dans F2 et possede ime axtremrte 5 1 qui 
commence au nucleotide correspondant k I'extremite 5' de F2; 



- consiste en la sequence 
55 5'd 1 -d 2 3' 
dare laqueile 
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d 1 comprend une sequence compl6mentaire a une longueur correspondante de M2 ei poss&de une 
extremite 3' complementaire a I'extremite 5* de M2, et 
* d 2 est compl6mentaire a une sequence de longueur correspondent dans F2 et possede une extr&rote 
5' qui oommenc au nucleotide complementaire a I'extremite 3* de F2; 

E consiste en la sequence 

5'e 1 -e 2 3' 

dans laquelle 

e 1 comprend une sequence identique a la longueur correspondante de M2 et possede une extrgmite 
3* conrespondant a I'extremite 3' de M2, et 

e 2 est identique a une sequence de longueur correspondante dans F3 et poss6de une extremite 5* qui 
commence au nucleotide oorrespondant a rextremite 5* de F3; 

F consiste en ia sequence 
dans laquelle 

- f 1 comprend une sequence corrtplementaire a la longueur correspondante de M3 et possede une 
extremite 3' complementaire a rextremite 3' de M3, et 

f 2 est complementaire a une sequence de longueur correspondante dans F3 et possede une eoctre- 
mrte 5' qui commence au nucleotide complementaire a rextremite 3' de F3; 

G consiste en la sequence 

5' gV 3' 

dans laquelle 

- g 1 comprend une sequence identique a la longueur correspondante de M3 et possede une extr&rate 
3' correspondent a rextremite 3* de M3, et 

g 2 est identique a une sequence de longueur correspondante dans F4 et possede une extremite 5' qui 
commence au nucleotide corresportdant a rextremite 5* de F4: 

H 

- comprend une sequence h 1 qui possede une extremite 5' complementaire a rextremite 3' de F4 et qui 
est complementaire a une tongueur correspondante de F4, et 

- est orientee en sere 5' - 3' vers H3; et ou les paires b 1 et c 1 , d 1 et e 1 , et f 1 et g 1 se chevauchent dune 
longueur suffisante pour permettre I'annellation de leurs extremites 5* Tune a I'autre dans des conditions 
permettant la realisation d'une reaction PCR; 

(Hi) ('execution, dans nlmporte quel ordre souhaite, de reactions PCR avec des paires d'amcrces A,B; CD; E,F 
et G.H sur la matrice preparee au point (i) ci-dessus, pour prcduire des fragments d'ADN AB, CD, EF et QH; et 
(iv) I'eptseage des fragments cbtenus au point (iii) ci«Jessus pour obtenir I'ADN souhaite. 
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